Gabou is a traditional onion-based spice commonly used in Niger. It is prepared in a handcrafted way by roasting of dried onion. This study was conducted to determine the optimal roasting conditions. The traditional processes of Gabou manufacturing were identified through a survey and studied. Gabou were produced at different roasting temperatures and times in presence of the oil quantities in the laboratory. Then sensory analyses were conducted to select the Gabou of best sensory characteristics. The chemical composition of the selected Gabou and their raw materials was determined. The result of the investigation showed that flower stems, green leaves and onion bulbs were used in the production of Gabou. The optimal roasting conditions were obtained at 120°C for 8 min for bulbs Gabou, 120°C for 5 min for green leaves Gabou and 130°C for 11 min for flower stems Gabou in the presence of 1 ml, 2 ml and 0 ml palm oil per 30 g, respectively. Roasting conditions that led to the production of Gabou of good sensory characteristics did not have a significant negative influence (p<0.05) on proximate and mineral composition. On the contrary, they have significantly reduced the moisture content which contributes to the reduction of Gabou shelf life.
Introduction
Onion (Allium cepa L. var. cepa,) is a herbaceous monocotyledon belonging to the family of alliaceae native of the Central Asia (Fritsch & Friesen, 2002) . It is constituted by a plateau on which are inserted elongated green leaves, cylindrical and hollow and from which adventitious roots leave. The upright floral stem is also hollow. The base of the leaves may bulge when conditions are favorable and form a bulb. Onion bulb is composed of fleshy leaves and is externally covered with one or more layers of dried leaves that are also called tunics (Foury & Schweisguth, 1992) . Inside the leaves, we find the terminal bud. Onion was first exploited as a medicinal plant before becoming a seasoning ingredient or vegetable (De Lannoy, 2001 ).
With an annual production of 711 964 tons (Ministry of agriculture [MA] , 2013), Niger was the second largest onion producer in West Africa behind Nigeria (D'Alessandro & Soumah, 2008) . The sector generates 47 billion CFA francs (72 million Euros) (Boukary et al., 2012) . It is a very important source of income (Tarchiani, Robbiati, & Salifou, 2013) . Despite the fact that this speculation is considered as an emerging sector, there are problems related to the strong seasonality of supply and the inabilities to spread the marketing. Indeed the crops remain concentrated between the months of February, March and April (Rabiou, Moussa, Mella, & Sadou, 2018a ; Project for the Development of exports and Agro-Sylvo Pastoral markets [PRODEX] , 2009). Thus, supply becomes very important, leading to sharp price decreases on the markets. Fluctuations in prices, especially during periods of high production, lead to losses of around 50,000 tons, or nearly 25% of production in the area, leading to a shortfall of nearly 1 billion CFA francs on the whole of the sector. In addition there are problems of storage and conservation of the product, the direct consequence of which is the loss of the crop by rotting (PRODEX, 2012) . Indeed, 30% of the production is lost because of the storage problem is more than 6 billion CFA francs (Eplucher oignon, 2010) . Given its strong contribution to the national economy and the numerous post-harvest losses recorded each year, it is urgent to enhance the value of onion sector through appropriate support measures. Gabou production could be one of the ways to enhance the value of the onion sector in Niger. the preparation of sauces (Rabiou et al., 2018a; Rabiou, Yaou, Lewamy, & Sadou, 2018b) . However, the sensory quality of Gabou varies from one producer to another. This is mainly due to the roasting conditions. The aim of this study was to determine the optimal roasting conditions for the production of Gabou.
In our research project, first, we surveyed onion production conditions in the study area (Rabiou et al., 2018a) . Then, we determined the chemical composition of different types of Gabou as well as their raw materials obtained from renowned Gabou producers (Rabiou et al., 2018b) . During the present study, we identified the different traditional Gabou manufacturing processes in the study areas and, under the conditions of the laboratory; we researched the good combination of roasting time and temperature that gives a Gabou of best sensory quality.
Materials and Methods
The study was conducted at Abdou Moumouni University, during 12 months, starting from March, 2018 to March, 2019.
Plant Material
The plant material consisted of flower stems, green leaves and bulbs of onion supplied in the commune of Sakoira. The variety of onion used is called 'Gothè ye white'. Its bulb of strong and pungent flavor is white, spherical in shape with several lobes such as shallot or even garlic. Its elongated green leaves and upright flower stems are cylindrical and hollow.
Methods

Study Area, Sample Size and Data Collection
Two sites known for the quality of their Gabou were the subject of the investigation. These were the commune of Sakoira and the department of Gothè ye, all located in the region of Tillabé ry (latitudes 11°50 and 15°45 East and longitudes 0°10 and 4°20 East). The methodology adapted was open surveys and follow-up with Gabou women producers. The choice of these producers was random. A total of seventy-five (75) women producers were surveyed, 15 of whom were followed during the production of Gabou.
Oven Drying
The vegetative parts of the onion were carefully washed and cut into pieces before drying. Thus, the flower stems were cut into small pieces about 3 cm long, the green leaves were lightly crushed in a mortar and the onion bulbs were cut into small pieces after being peeled and dried in an oven first at 65°C and then when their water content decreased significantly, the temperature was reduced to 50°C. Roasting tests were conducted on these three dried products, namely flower stem pieces, crushed green leaves and small pieces of onion bulbs.
Oven Roasting
Roasting was carried out on flower stems, green leaves and onion bulbs. 30 g of dry plant material were roasted at 110° C for 5, 8 and 11 min and, in the presence of 0, 1, 2 or 3 ml of palm oil. The same operation was repeated at 120 and 130 °C. The products (Gabou) obtained were subjected to sensory evaluation. Then, physicochemical analyses were carried out on Gabou that had good sensory characteristics, in particular aroma and color.
Sensory Analysis
The sensory analysis was carried out to determine the degree of appreciation of the aroma and color of the Gabou obtained from different heat treatments. According to the method described by Mendes et al. (2001) , a 9-point hedonic scale ranging from not extremely fond to extremely fond was used. The sensory analysis was applied in an environmentally controlled room under white fluorescent light. The sensory analysis was carried out with 40 assessors, 5 men and 35 women aged 17 to 50 years (Watts, Ylimaki, Jeffery, & Elias, 1991) . They were selected on the basis of their interest in participating in the sensory analysis panel but also on their knowledge of the product, and all panelists were given instructions on how to complete the form and how the test would be conducted. Four (4) samples of 5g in a jar coded by three-letter were randomly presented to the panelists.
Proximate Analysis
The moisture, ash, crude fiber, proteins and fat of flower stems, green leaves and bulbs of onion were determined and compared respectively to their by-product (Gabou) which presented the best sensory characteristics (AOAC, 1999) .Total carbohydrates were estimated by difference. Energy was calculated according to the following equation: Energy (kcal) = (%proteins x 4) + (%carbohydrates x 4) + (%lipids x 9). The pH was measured using a pH meter on a homogenate of 10 g sample in 90 mL distilled water (AOAC, 2000) . The results of ash, fiber, protein, lipid and carbohydrate contents were expressed on dry matter basis.
Mineral Analysis
The ashes were solubilized in hydrochloric acid. The contents of Ca, Mg and Zn were determined by atomic absorption spectrophotometry, Na and K by emission spectrophotometry (AOAC, 1999) . Analyzes were made in triplicate and the results were reported in relation to the dry matter.
Statistical Analyses
The statistical analyses were performed using Minitab 16. Sensory evaluation and physicochemical analysis data were subjected to an analysis of variance (ANOVA) and averages compared using the Tukey test. The differences were considered significant at P < 0.05.
Results
Characteristics of Onion Traditional Processing into Gabou
Profile of Gabou Producers
The investigation revealed that Gabou production was an exclusively female activity. Most of these producers were initiated to this activity by their parents. All the women producers surveyed did not receive any training on the rules of hygiene and unit operations from public authorities or non-governmental organizations. A better valorization of Gabou passed necessarily by the training of the producers on the rules of hygiene, drying techniques, roasting and packaging.
Description of the Traditional Technological Processes of Gabou Manufacturing
After harvesting onion plant, the green leaves, flower stems and bulbs were separated using a knife. All parts were used in the production of Gabou. The green leaves and the flower stems were each transformed into a single type of Gabou. The bulb can give up to four types of Gabou.
Gabou of Onion Bulbs
Some producers used the whole bulb to produce bulbs' Gabou. However, others produced up to three types of Gabou from onion bulb. The buds were used to produce Gabou-Izé , the fleshy leaves of Gabou Koirey and the peelings (parched superficial leaves) of Gabou Feto-Feto.
Crushing: It was the first unitary operation of bulb Gabou manufacturing. Crushing was the common step for all four types of bulb Gabou. It allowed to reduce the size of the bulb in order to reduce the drying time and facilitate the separation of the different parts. The bulb was crushed between two stones of different size. The bud was ejected and the bulb's fleshy leaves remaining were softened. Certain producers dried buds and fleshy leaves separately whereas others dried them together.
 Gabou of whole bulb Drying: It was conducted to reduce the water content of these raw materials of Gabou in order to increase the conservation period. The product obtained was dried on the ground under the sun for about 17 days depending on the weather. The dried product was either left at drying or packed in polyethylene bags. Some small quantifies were taken, roasted and marketed.
Sorting: it was conducted in order to render the dried product most hygienic. For that vegetable debris, sand grains and badly dried buds and fleshy leaves were removed.
Roasting: roasting allowed the development of Gabou aroma. It also led to more thorough desiccation, which facilitates crushing by shelling. The dried and sorted product was roasted in a pot until release of the characteristic aroma. Some producers add, from time to time, small amounts of oil during roasting.
 Gabou of bulbs buds: Gabou Izé
Drying: After crushing the bulbs, the buds were collected, spread on a plastic or tarpaulin and placed in the drying under the sun for about 15 days. They were turned once or twice by day.
Sorting: Manual sorting was done according to the size and quality of the dried buds. These sorts allowed to eliminate bud debris and badly dried buds. These badly dried buds were characterized by a brown color. Badly dried buds were usually in direct contact with the tarpaulin or plastic. After sorting, the buds were packed in polyethylene or polypropylene bags where small quantities were taken as needed for roasting.
Roasting:
The dried buds were roasted in a pot, adding a few drops of oil from time to time, until release of the characteristic aroma. Roasting was stopped when the buds began to emit a characteristic aroma.
 Gabou of bulbs fleshy leaves: Gabou Koirey
Drying: The fleshy leaves from the bulb crushing were collected and spread on the roofs of the houses, on the ground, and left to dry under the sun for 8 to 10 days depending on the weather.
Peeling: After drying, the peels were removed by hand. The peeled fleshy leaves were packed in polyethylene bags or left at their drying place. From time to time small quantities were picked and roasted according to needed.
Roasting: Dried fleshly leaves were then roasted in a pot, adding a few drops of oil from time to time, until release of the characteristic aroma.
 Gabou of bulbs peels: Gabou Feto-Feto
The peels obtained by peeling the dried fleshy leaves were combined and then roasted. Consumers of Gabou Feto-Feto were essentially poor rural households. The unit operations of the production of these four types of Gabou were summarized in figure 1. Grinding: The fresh leaves were slightly crushed by pounding in a wooden mortar.
Drying:
The slightly crushed leaves were dried on the ground, under the sun for 2 to 3 days.
Roasting: After drying, the crushed leaves were roasted in a pot, adding a small amount of oil, until release of the characteristic aroma. 
Gabou of Onion Flower Stems: Gabou For-Foro
The traditional process of onion flower stems Gabou manufacturing was summarized in three major unit operations presented in Figure 3 .
Cutting: the flower stems were first cut into small pieces of 1 to 3cm with a knife.
Drying: the pieces obtained after cutting were dried under sun in the open air on a tarpaulin for 2 to 3 days.
Roasting: the pieces of the dried stems were roasted in a pot until release of the characteristic aroma. During this operation, small amount of oil was added.
According to the producers, the ranking in decreasing order of the taste of 
Difficulties Related to the Production of Gabou
Producers encounter many difficulties during the production of Gabou. Indeed the lack of necessary equipment makes Gabou production a tedious and time-consuming activity. This is not inconsequential since it competes with usual household work. The result of the investigation showed that the producers were unanimous that Gabou production from onion bulbs was more difficult than its production from the green leaves and flower stems. According to the producers, the classification of the unit operations of Gabou production by order of decreasing difficulties were crushing of bulbs (with the help of two stones) exposing them to gases, roasting exposing them to heat and curvature, light grinding with mortar of green leaves tires them physically and finally drying consumes them a lot of time because of the coming and goings to turn the product or move it. In addition to this, we note the rarity or rupture of onion on the markets causing a rise in its price just a few months after the harvest. For that, the producers longed for financial support to buy, dry and store enough onion during the harvest period.
Determination of Optimal Roasting Conditions
Effect of Roasting Conditions on the Sensory Characteristics of Gabou
Aroma and color scores of the Gabou obtained under different heat treatments were grouped in Table 1 . The results showed that the different combinations (temperature, time and quantity of oil) led to the production of Gabou with significantly different (p<0.05) sensory characteristics (aroma and color). The highest aroma score of the flower stem Gabou was obtained, when the slices of about 3 cm of floral stems were roasted at 130°C for 11 min without adding of oil. Concerning the color of the flower stem Gabou, the highest score was obtained when the flower stem slices were roasted at 120°C for 11 min in the presence of 1 ml of oil in 30g. For green leaves Gabou, the largest aroma and color scores were obtained, when the dried green leaves were roasted at 120°C for 5 min in the presence of 2 ml of oil per 30g. Finally, the onion bulbs Gabou had the highest scores, for aroma and color, when the small pieces of dried bulbs were roasted at 120°C for 8 min in the presence of 1 ml of oil per 30 g. For each Gabou and for each attribute, there is no significant difference (p>0.05) between the means that have the same letter on each line. * Significant difference was found between the aroma of the dried flower stems and its Gabou obtained at 110°C by the panelists.
Effect of Roasting Conditions on the Proximate Composition of Gabou
The proximate composition and energy values of dried flower stems, green leaves, bulbs and their by-product (Gabou) are presented in Table 2 . Gabou of green leaves 3.56 ± 0.31c 17.4 ± 0.06a 3.97 ± 0.03b 17.62 ± 0.31a 41.68 ± 1.21f 16.03 ± 0.04a 273.02 ± 6.41f
Onion bulbs 8.48 ± 0.20b 3.31 ± 0.24d 0.85 ± 0.07d 10.51 ± 0.08c 72.73 ± 0.35b 4.10 ± 0.38e 340.63 ± 1.12b
Gabou of onion bulbs 3.35 ± 0.39cd 3.23 ± 0.03d 0.86 ± 0.01d 10.29 ± 0.02c 78.99 ± 0.31a 3.30 ± 0.15e 364.92 ± 1.55a
There is no significant difference (p>0.05) between the averages that have the same letter in each colum There is no significant difference (p>0.05) between the averages that have the same letter in each column. Table 4 showed the pH of flower stems, green leaves, onion bulbs and their Gabou. The analysis of this result revealed that the pH of Gabou varied from 4.45 to 5.22 and there was a significant difference (p<0.05) in pH between Gabou. There is no significant difference (p>0.05) between the averages that have the same letter in each column.
Effect of Roasting Conditions on the Mineral Composition of Gabou
Effect of Roasting Conditions on the pH of Gabou
Discussion
The transformation of onion into Gabou is a feminine activity. In general, in Africa, the processing of food products is women's business and it is an activity that is added to the agricultural work (Paulet, 1991) . The major unit operations identified during the preparation of the different types of Gabou are bulbs crushing, green leaves pounding, solar drying, roasting, milling of roasted products and the condiment formulation.
Manual crushing using two stones applied by the producers leads to the production of coarse and heterogeneous crushed. This affects drying and roasting time (Johnson, Brennan, & Yobo, 1998) . Indeed, the drying of thick products is too slow and the inhibition of microorganisms may be incomplete (Rozis & Guinebault, 1995) . In addition to this, the dry crushed will not be roasted homogeneously. The use of mechanical crushers makes it possible to obtain medium and homogeneous crushed material. It also reduces the duration and the difficulty of manual stones crushing. In fact, crushing is one of the most difficult unit operations due to the sulphurous oils that emerge during this operation. These oils cause tearing and runny nose (Block, Naganathan, Putman, & Zhao, 1993) .
During the production of Gabou, producers use only solar drying. It is a cheap natural and simple drying system, however, less easy to manage compared to dehydration by improved means (Burden, & Wills, 1992) . The solar drying on the ground, used by the producers exposes the products directly to solar radiation, dust, insects and requires a long drying time. Hence the risk of quality deterioration, decay but also mold. In fact, direct exposure to the sun could lead to vitamin loss and browning (Rozis, & Guinebault, 1995) .
Traditional roasting in pots does not control either temperature or time. Gabou producers stop roasting only when they consider the amount of aroma released sufficient. A bad roasting not only slightly alters the organoleptic quality of a food but also leads to biochemical changes that are harmful to its nutritional quality (Schwartzberg, 2002; Oliviero, Capuano, Cammerer, & Fogliano, 2009; Thidarat et al., 2016) .
The sensory attributes of Gabou changes according to the degree of roasting. Many authors reported this change in the sensory attributes of foods during roasting (Bolek & Ozdemir, 2017; Youn & Chung, 2012; Uysal, Sumnu, & Sahin, 2009; Fasasi, Eleyinmi, & Oyarekua, 2007; Nebesny & Budryn, 2006) . The development of the best sensory attributes depends on roasting conditions (Buckholz, Daun, & Stier, 1980; Yaacoub, 2009 ). According to many authors, temperature and time are considered the most important conditions of the roasting process. During this study, the best sensory attributes (aroma and color) were obtained at 120°C for 8 min for onion bulb Gabou, 120°C for 5 min for green leaf Gabou and 130°C for 11 min for stem Gabou in the presence of 1 ml, 2 ml and 0 ml palm oil per 30 g, respectively. It is important to note that, color is a crucial indicator that can be used as a quality control indicator during roasting processes (Özdemir & Devres, 2000; Mendes, de Menezes, Aparecida, & Da Silva, 2001 ). The aroma is also regarded as an important quality indicator of Gabou.
The physicochemical properties of foods are noticeably changed during the roasting process. Many published works have investigated the effect of roasting conditions on the properties of several products (Eke-Ejiofor & Onyeso, 2019; Rabiou et al., 2018b; Marzocchi, 2017) . The results of the proximate composition showed that the moisture content of Gabou was lower than that of various dried vegetative parts of the onion and the minimum recommended moisture content of 4% for dried onion (Rozis and Guinebault, 1995) . It varied from 2.80 to 3.97%. These values were also lower than those of Gabou traditionally obtained (Rabiou et al., 2018b) . The Gabou prepared in the laboratory had lipid contents slightly higher than those of dried vegetative parts of the onion. The values obtained were in agreement with those of the Gabou traditionally obtained. However, during the production of Gabou traditionally lipid contents decreased. The lipid contents of Gabou produced in the laboratory were between 0.86 and 3.97%. Carbohydrates contents had increased significantly (p<0.05) during Gabou production. The carbohydrate contents of Gabou ranged from 33.74 to 78.99%. These values were significantly lower than those of Gabou traditionally produced. This can be explained by taking into account the fiber content in the calculating of the carbohydrate content. After roasting the energy loads of Gabou produced in the laboratory, varied from 273.02 to 364.92 kcal/100g, increased significantly (p<0.05) but remain low compared to those of Gabou traditionally produced. This is logical because the carbohydrate content to be reduced. Concerning the ash, protein and total fiber contents of the Gabou produced in the laboratory, they were slightly lower than those of dried vegetative parts of the onion. However, they corroborate those of Gabou traditionally produced (Rabiou et al., 2018b) . Among the three Gabou studied, the green leaves Gabou had the highest nutrient contents, except for the carbohydrate content, whereas the bulbs Gabou had the lowest contents.
After roasting, the pH increased significantly and not significantly in the green leaves Gabou and bulb Gabou respectively. On the other hand, the pH decreased significantly at the level of Gabou of flower stems. Similar findings were reported by Sahin et al. (2009) and Yousif and Alghzawi (2000) . The decrease in pH may be related to roasting conditions. Indeed, the Gabou of flower stem was prepared without the addition of oil and from a higher temperature (130°C) and time (11 min) than the green leaves Gabou and bulb Gabou. Fikry et al. (2019) were observed that the increase in roasting temperature and time caused a decrease of the pH of brew. It was suggested that the decrease in the pH value might be attributed to the formation of acidic caramelization by-products, such as pyruvic acid, and the formation of acidic Maillard products during the roasting process (Yousif & Alghzawi, 2000) . Gabou can be classified as low acid spice (pH>4.5).
The analysis of the results in Table 3 showed that roasting conditions did not had a significant influence (p>0.05) on the mineral content determined. However, except for the content of Ca in the Gabou of flower stems, a decreasing trend was observed in all Gabou. This differs from the increase observed, in general, in the Gabou obtained traditionally (Rabiou et al., 2018b) . The Gabou obtained in the laboratory had the contents of Ca, K (except in the green leaves Gabou), Na and Zn slightly lower than those of the Gabou traditionally obtained. Nevertheless, the Mg contents of the Gabou traditionally obtained were significantly higher than those of the Gabou obtained in the laboratory. This increase in levels is probably due to contamination and/or extensive roasting. The K and Zn contents of onion bulb studied were slightly higher than the contents reported previously (Ciqual, 2017) . However, the Ca, Mg and Na contents reported by Ciqual, (2017) were higher than the contents obtained.
Roasting conditions that led to the production of Gabou with better sensory characteristics did not have a significant negative influence (p<0.05) on proximate and mineral composition. On the contrary, they have significantly reduced the moisture content which contributed to the reduction of Gabou's shelf life.
Conclusion
The production of Gabou is an exclusively female activity and entirely artisanal. It was physically painful and tedious activity for the producers. The production of Gabou was an income-generating activity for producers and sellers. Unfortunately, it was unbanked and women producers receive no financial support. All parts of the vegetative apparatus of onion can be used in the production of Gabou. Roasting allowed the development of the aroma and color of Gabou. The optimal roasting conditions have been determined. These roasting conditions did not significantly affect the initial composition of the raw material.
